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Abstract 

The model where the universe is considered as an expanding spherical 3-brane 
allows us to explain its expansion rate without a dark energy component. In this 
scenario the computed redshift that corresponds to the transition from cosmic de- 
celeration to acceleration is in a good agreement with observations. 

PACS numbers: 04.50.+h, 95.35.+d, 98.80.Es 

The recent analysis of CMB data combined with other astronomical observations sug- 
gests that the universe is nearly flat, but possibly with small positive curvature (corre- 
sponding to ft — 1, 02), i. e. finite [1]. The simplest space with the positive curvature is a 
hyper-sphere. The model with the similar topology, where the universe is considered as an 
expanding spherical 3-brane in 5-dimensional space-time with matter localized on it, was 
already introduced by us several years ago [2]. That article even anticipates well-known 
papers [3] on brane physics. The shell-universe model proposes obvious explanation of 
the isotropic runaway of galaxies, the deficiency in the first modes of the angular power 
spectrum and the existence of the cosmological preferred frame. This model also provides 
a natural mechanism for the local increment of the brane tension, leading to the modified 
Newton's law at galaxy scales, alternative to galactic dark matter [4]. 

The recent announcement of the measurement with high-redshift supernovae indicates 
a transition from cosmic deceleration to acceleration [5] . The accelerated expansion of the 
universe usually is model via the cosmological constant. The problems with introduction 
of a non-zero cosmological constant in four dimensions, as well as the relative lack of 
observational constraints, inspired many alternative explanations (for recent reviews see 
[6]). A component that causes the accelerate explanation of the universe is referred to 
'dark energy', with the cosmological constant being just one possibility. In the shell- 
universe model, because of the standard cancellation mechanism [3, 7], the cosmological 
constant on the brane is zero, while it can be large in the bulk. 

Some authors already suggest models without mysterious dark energy [8]. In this 
paper we want to show that if the universe is considered as an expanding spherical brane 
in 5-dimensional space-time we can also naturally obtain the transition from deceleration 
to acceleration at the observed redshift without introduction of dark energy on the brane. 

We consider Einstein's 5-dimensional equations with negative cosmological constant 

Rab ~ \g AB R = -Aqab + Qir 2 GT AB . (A, B = 0, 1, 2, 3, 5) (1) 
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The outer/inner geometries to the shell in the thin- wall formalism [9] are done by [2] 

ds\ = (1 - 2MG/R 2 + A + R 2 )dt 2 - (1 - 2MG/R 2 + A+R^dR 2 - R 2 dtt 2 , 

ds 2 _ = (1 + A„R 2 )dt 2 - (1 + A_i? 2 )- W - RW . (2) 

Here M is the total mass of the spherical universe, R is the radial coordinate of the hyper- 
sphere, G is 5-dimensional Newton's constant, A± are the outer/inner bulk cosmological 
constants, and 

dtt 2 = dn 2 + sin 2 n(d9 2 + sin 2 Odcf) (3) 

is the 3-dimensional volume element with the ordinary spherical angles 9 and <fi. The 
third angle k corresponds to the ordinary radial coordinate of the Einstein world model 

dl 2 = - dr " 2 + r 2 (d9 2 + sin 2 Qdtf) (4) 
1 — r z / R z 

by the formula r = R sin k. 

We suppose that the space-times (2) are separated by a time-like 3-dimensional thin 
brane (our universe) with the metric of the closed isotropic model 

ds 2 = dr 2 -a 2 (r)dn 2 , (5) 

where r is the intrinsic time of the universe. Let us choose the equation of a time-like 
shell in the form: 

R = a(r) . (6) 

This means that the cosmological scale factor a(r) serves as the radial coordinate of the 
3-shell in our model. 

Using ordinary formulae of the thin-wall formalism the equation of motion of the 
spherical shell can be written as [9]: 

ya 2 + 1 - 2MG/a 2 + A + a 2 - ^ a 2 + 1 + A_a 2 = -aa , (7) 
where overdots mean derivatives with respect to r. In this equation 

i V 

a = -lim^o J (67T 2 GT ° + r ° + A)da (8) 

— e 

is the intrinsic energy density of the shell-universe, where Tq is matter energy density, Tq 
is brane tension and A is cosmological constant on the brane. For the simplicity we can 
consider the model of matter on the shell with the equation of state of dust. Since we 
suppose standard cancellation of A and r° by the warp factor on the shell and also that 
the volume of the 3-sphere in our coordinates is 

V = 4vra 3 / dn sin 2 « = 2vr 2 a 3 , (9) 
J o 

for a we obtain 

a = ™ = 2n 2 eG i4) p ~ eH 2 , (10) 



where G^ is the 4-dimensional gravitational constant, H is Hubble's constant, e is the 
thickness of the brane and p = M/2n 2 R 3 is the present value of the mean mass density 
on the shell. 

From (7) one can find the equation for expansion rate of the shell-universe 



H 2 



1 G 2 M 2 (A+ 
+ — r^ + — 



A_) 2 A + + A_ a 2 GM GM(A + -A_ 



a 2 a 8 
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a 2 a* 



Using (10) we notice that second term at right side exactly cancels the first, curvature, 
term. Next simplification may be made from the observation that for the small redshifts 
a » e, using the estimation (10), we can neglect the last three terms in (11). This means 
that in distinct from the 4-dimensional relativity, where expansion rate of the universe is 
determined by the matter content and the curvature, in our case present dynamics of the 
shell-universe is governed mainly by the bulk cosmological constants. 
Finally, parameterizing the scale factor by the redshift z 



a(r) = 



R 



l + z ' 
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where R is the (co-moving) radius of curvature, the equation (11) takes the form: 



where 



H 



n_ = 



l + z 



(A+ ~ A- 
Aa 2 H% 



[l + z) 



n+ = 



A + +A_ 
2H 2 



(13) 



(14) 



These parameters give the relative contributions to the present expansion rate H with 



- tt + ~ 1 . 

Using (13) we can write also the cosmological acceleration equation 



~ H 2 



4fi_ 



(i + z y 



-n. 



(15) 



(16) 



From this equation we see that, because of (15), at the present stage our universe is in 
accelerating regime. Since the constants fl- and fl + have the same order of magnitude 
one can find from (16) that the acceleration starts at the redshift 



z > 



4V6 



0.3 



(17) 



when the first term exceeds the second one. This result is in good agrement with observa- 
tional data [5] and does not depend much on the particular matter content of the model, 
but has geometrical origin. 

So it is natural to consider the universe as an expanding spherical brane with confined 
matter on it. Some observational data, such as, isotropic runaway of galaxies, the defi- 
ciency in the first modes of the angular power spectrum and existence of the preferred 
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frame in the universe, support this model. As it was shown in this paper, shell-universe 
model predicts also the correct value of the redshift parameter that corresponds to the 
transition from cosmic deceleration to acceleration. 
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